electric field are considered. The theoretical results obtained with the aid of WBK method show that there are two essential conditions for the wave behaviour : the condition for the exponential variations of the electromagnetic wave components and the ATIR condition obtained from the requirement for equality between the moduli of the incident and the reflected amplitudes. Estimates for the influence of the lower limiting glass plate (e.g. the penetration depth of the evanescent wave) are made. The first two terms in the ATIR condition were used in the experiment performed with MBBA films. The surface energy of the liquid crystal molecules interacting with a thin lecithin layer giving a homeotropic orientation was determined to be in the range of 2 x 10-2 erg/cm2. The accuracy of the method is low in the range of deformation angles 0-5° (~ 1°) and higher for the other regions. The total internal reflection measurements give new and important information about the formation of the double electric layers, the inhomogeneity of the electric field and the flexoelectric properties of the investigated liquid crystals.
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Revue Phys. Appl. 15 (1980) [1] - [5] were utilized for the measurement of the tilt bias angle (uniform tilt in the liquid crystal layer). T. Scheffer and J. Nehring [6] used a very sensitive magnetic null method making possible the determination of the tilt bias angle directly with only one measurement with an accuracy of 0.1° regardless of the angle size or the nature of the nematic liquid crystal.
The attenuated total internal reflection (ATIR) as a useful method for measurement of the liquid crystal orientation has been used for the first time in 1934 by Freedericksz and Zwetkoff [7] . Selective and total reflections in cholesteric liquid crystals were utilized by many authors [8] - [11] .
Stationary and modulated IR-ATIR spectra of Schiffs base nematic liquid crystals were reported by U. Fringeli et al. [ 12] . A. Hatta et al. [ 13] , [14] measured infrared dichroism of MBBA using attenuated total internal reflection and determined the degree of the orientational order in the surface regions. ATIR was used for technical applications as well [15] - [16] .
D. Rivière [17] [18] , [19] determined with the aid of ATIR the refractive indices of the liquid crystal 6 It is shown that the formulae obtained in the references [16] and [17] for the homogeneously tilted layers may be used with a good accuracy and for thick weak deformed homeotropic nematic liquid crystals. The ATIR conditions were calculated for MBBA with the aid of the refractive indices given by M. Brunet-Germain [22] [28] - [33] . The solution is based on the so-called 4 x 4 matrix method described by Billard [34] , Smith [35] , Teitler and Henvis [36] , Berreman and Scheffer [37] and Berreman [38] , [39] etc... This method was also applied by T. Shimomura et al. [40] [42] ), Brehovskikh [43] . Due to the term (9) this solution is intermediate between the cases for the wave optics and for the geometrical optics. In what follows it shall be assumed that the function p(z) is real. In equation (7) and the two independent solutions of equation (7) are of the form :
for the case p(z) 0.
It is clear that the phase variation of the components Hy, Ex and E. along Z are determined from the approximate solutions of equation (7). The amplitudes of Hy, Ex and Ez according to (6) and (10) This condition is valid for every plane between the boundary z = 0 and the middle of the liquid crystal cell.
The following result :
is obtained from (13) using the notations of Nehring et al. [23] at the boundary z = 0 ( Fig. 1 [44] , Brekhovskikh [43] , Olver [45] ) :
with solutions Ai(Z) and B;(1) for z &#x3E; zm and Ai(i) and B;(1$ for z zm where :
The Airy functions are reasonable approximations for solutions of the equation (7) (20) and (21) .
where The values of the TM-wave components in the first medium -the flint-glass 600 prism (I) and in the third medium -the glass plate (III) (Fig. 1) [17] ) :
where the penetration depth of the evanescent wave dp was calculated by Rivière to be around 4 gk. The real penetration depth of the evanescent wave is however in the range of the length of the incident wave [48] for the variation of the effective refractive index of the liquid crystal (see e.g. the results of Hu et al. [32] ) : ATIR condition for the deformation at the interface flint-glass-liquid crystal (Z = 0) is valid even more for the deformations inside the liquid crystal layer.
The ATIR condition (32) can be used when the following inequalities are valid :
where d is the thickness of the liquid crystal cell, fo, the length of the incident wave, ns, the refractive index of the plate-glass, N, the refractive index of the flint-glass prism, go, the angle of incidence, ~1, the angle of transmission from the lower plate of the liquid crystal cell. The exact ATIR condition can be calculated numerically from the relation (31 (14) (see also Hinov [49] ) and (40) The comparison between the conditions (41) and (43) for ATIR leads to the following relation at small angles :
Equations (41) and (43) can be applied for every point in the bulk 'of the deformed liquid crystal if the condition Ào/b 1 is fulfilled (see (41 ) ).
The relations (41) and (43) were solved with respect to the deformation angle 0 :
These results have strong temperature dependence determined by variations of the anisotropic refractive indices.
The deformation angles were calculated for MBBA using Brunet-Germain [22] data for the refractive indices (Figs. 3 and 4) . These results show the sharp temperature dependence especially when the deformations are small and the temperatures high. The largest difference between the two solutions (46) and (47) as seen from the curves are at 450. The same result was obtained by Rivière et al. [18] . [50] ), no is the ordinary refractive index, 03BB0, the wave length of the incident wave in vacuum, neff, the index of refraction of liquid crystal along Z, which in deformed layers is a function of Z, N, the index of xefraction of the first medium (usually flint-glass), ~0, the angle of incidence of the TM wave. The penetration depth was obtained to be of the order of the length of the incident wave : dp ~ 03BB0. 5 . Expérimental results [51] . -The measurements of the ATIR of surface deformation on the basis of the theoretical formulae obtained are presented in this part of the paper. In order to perform the experiment correct a number of requirements must be satisfied. Some of them are treated in the book by Harrick [52] . A choice must be made for the working angle or range of angles of incidence, the necessary materials, the surface preparation, etc... Other, very important requirements, are considered in the Thesis of D. Rivière [17] . [52] ).
Half of these 5 min. are above the critical angle (po at ATIR measurements. E.g. only 2.5' are important for the accuracy of the ATIR experiment. Rivière [17] using a special optical construction reduced this divergence to the minimal value of 0.85'. ' The theory presented in the first part of the paper is for a plane monochromatic wave. The utilized laser beam in effect can be approximated with the shape of a Gaussian beam (see papers [53] - [56] ).
Still open for explanation is ATIR of a Gaussian beam from one inhomogeneous anisotropic medium such as the deformed nematic liquid crystal.
The discrepancy can be reduced however with regulation of the laser regime -the utilization of the central part of thé laser beam which can be achieved at lower limit of the laser power.
The denser medium in our case is a flint-glass 600 prism with a large refractive index N -1.889.
The questions relating the influence of the électrodes and the additional deposed layers on the transmissivity properties of normal incident light on the twisted nematic layers were regarded e.g. by G. PaulMontgomery [57] - [59] . The thicknesses of the additional deposited layers : the semi-transparent chromium film and the lecithin in our case are much smaller than the wave length of the incident light : 200-500 A. This fact shows that these layers would disturb the ATIR conditions very little (see also the book of Harrick [52] or the paper [21] ).
The influence of the semi-transparent electrode on the light reflectivity is significant when the refractive indices of the electrode and the liquid crystal are quite different [57] - [59] . Harrick [52] however pointed out that additional very thin layers with thicknesses much thinner than the penetration length of the evanescent wave are not significant for ATIR condition. This was confirmed in our experiment after cheking the ATIR condition of homogeneously oriented planar and homeotropic nematic MBBA layers with and without conductive films.
The rarer medium is a nematic liquid crystal with electrically controllable effective refractive index varying between the index of the ordinary wave no and the index of the extraordinary wave ne &#x3E; no. In the theory developed we neglected the strong temperature fluctuations of the nematic molecules around theirs equilibrium position (see the papers [60] - [66] ). The scattering angle which is given in these works is several degrees around the forward direction °o f the laser beam. The great intensity of the thermal fluctuations is due to the little energy connected with the long-wave length orientational modes. The scattering angle between 10' (the divergence of the laser beam) and 0.2° (the lower limit of the thermal fluctuations) accordingly to the results of Langevin and Bouchiat [62] are created by static orientation defects in the sample. Another important feature is the depolarization of the light caused by ç, fluctuations of the nematic director. It is evident that the thermal fluctuations change the ATIR conditions. On the other hand, however, they clearly show the beginning of the total reflection of the light (see also [17] and [18] ).
The theory was developed for one nonabsorbing media. This is correct for nematic liquid crystal illuminated with a laser beam in the wave length region 0.42 to 0.70 gk at room temperature [67] . The analysis given by Chang shows that the absorption in this region of the wave length is negligibly small (k~ Il ~ k~ ~ 0.000 5).
In authors opinion one accurate ATIR measurement must include : a) Careful measurements of the transmitted or the reflected light intensity only of the central laser spot.
b) Careful estimate of the sensitivity of these measurements : e.g. the estimate of the ratio between the intensities of the light before and after the total reflection.
The reflected light intensity from the deformed nematic liquid crystal depends strongly on the type of polarization of the incident wave (TM or TE), the position of the nicols (when they are used), the part of the reflected light ray (central, middle, etc.), the interference between the forward and the backward waves (see [57] - [59] ), the thermal fluctuations, the frequency and the rate of variation of the applied voltage deforming the liquid crystal, etc. For these reasons the authôrs decided to determine the beginning of ATIR when the laser spot transforms in a light trace at the flint-glass liquid crystal interface. Taking into consideration the sensitivities of the experimental measurements performed and the peculiarities of the experimental liquid crystal cell : the utilization of a lower glass-plate having a refractive index smaller than the liquid crystal refractive indices and consequently the concentration of the transmitted light mainly in the cell region.
The variations of the light spot intensities can be observed even with a naked eye and they are very sensitive to the variation of rp &#x3E; ço in the region of several minutes (see also papers [17] , [18] [23] .
ATIR measurements can also be disturbed by the nonhomogeneity of the liquid crystal orientation in the region of the laser light spot (see the thesis of Rivière [17] ). Rivière [64] and G. Labrunie and J. Robert [68] .
We also performed measurements of the intensity of the reflected light at various incident angles : near ATIR condition and at 600 -~0 which corresponds to one deformation angle ( 0 ) (Fig. 7) . The experimental results obtained were very different depending on the conditions cited above. Some of them show in agreement with the results of T. Shimomura et al. [40] [57] - [59] ).
The accuracy of the calculated mean deformation angles 0 ) can be estimated from the accuracy of the temperature measurements ( ± 0.1 OC) and from the accuracy of the measurements of the ordinary and extraordinary indices of the liquid crystal
The experimental errors at these conditions are larger for deformation angles 0-15° : around 1° and smaller for all other values. They are smallest in the region of 45° as pointed out by Rivière [17] . Using the theory of Nehring's et al. [23] the authors calculated the theoretical curves for two Â parameters, characterizing the strength of the surface coupling ( Fig. 8 and Fig. 9 (Figs. 8 and 9 ) permits the determination of the value of the electric field in the electrode region which is about two times larger than that in the middle of the liquid crystal cells. This fact is in agreement with other results [70] . For thicker cells with thicknesses larger than 30 Il the electric field is more homogeneous (see the curves pointed out in Fig. 9 ).
2) The comparison between experimental and theoretical results permits the determination of the surface energy in thin (~1 2 pk) homeotropic MBBA layers (Fig. 8) which is close to 2 x 10-2 erg/cm2 above the threshold. The validity of this results in the frame of the approximation (41) was verified in accordance with the more complete condition for ATIR (40) (see the theory). The surface behaviour of thicker cells is more complicated (Fig. 9 ).
3) The upper curves on figures 8 and 9 show the behaviour of initially realigned liquid crystal layers (without lecithin in the flint-glass-liquid crystal interface). In this case the surface coupling along 9 is strong.
4) The comparison between the curves showing the intensity of the reflected light for d.c. and a.c. electric field excitation (Figs. 10 and 11) shows the existence of a strong gradient flexoelectric effect [70] [72] .
The ATIR method is especially useful for homogeneous, tilted and homeotropic layers, for an investigation of periodic deformation along Z, for liquid crystal layers with a thicknesses in the range of millimeters when the bulk behaviour is not controlled with the aid of the surface anchoring [73] , [74] 
